Two experiments investigated the effects on aUditory signal detection of introducing visual cues that were partially correlated with the signal events. The results were analyzed in terms of a detection model that assumes that such cue-signal correlations will not affect sensitivity, but will instead cause the subject to develop separate response biases for each cue. The model specifies a functional relationship between the asymptotic values of these cue-contingent biases. The overall results of the experiments supported the detection assumptions of the model and the general bias learning assumption, but indicated a more complex learning process than that spe·cified by the model.
1963; Swets, Tanner & Birdsall, 1961) . TYpically these background variables determine the response bias parameters of a hypothetical decision process relating signal-produced sensory states to overt responses. To the extent that the subject's choice is controlled by these biases, rather than by discriminative information provided by the signal presentation, there is a formal similarity between detection experiments and probability learning experiments (Atkinson, Bower, & Crothers, 1965, Ch. 5 ). The present study deals with a detection situation analogous to probabilistic discrimination learning. In a probabilistic discrimination learning experiment each trial is initiated by one of a set of cues, each of which corresponds to a particular probability distribution over the set of possible trial outcomes.
The comparable detection situation is called a cued detection task. Here each detection trial is initiated by one of a set of cues, and each cue corresponds to a distinct probability distribution over the possible signal events. (That is, whenever a trial is initiated by cue C. l the probability of signal event S.
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If these distributions are different the cues may be said to be correlated with the signal events. The results of probabilistic discrimination learning experiments (Popper & Atkinson, 1958; Atkinson, Bogart~, & Turner, 1959) suggest that correlated cues should come to control behavior in a cued detection task; i.e., a subject will come to hold several response biases simultaneously, with the effective bias on a given trial being determined by the cue on that trial. 2 The possibility of multiple-response biases was investigated in the context of an auditory two-interval forced-choice detection task involving three visual cues. The results were analyzed in terms of an extension of a detection model developed by Atkinson & Kinchla (1965) and Luce (1963) .
For present purposes this model can be outlined as follows. E~ch trial of the experiment is initiated by one of three cues: C l , C 2 , or experimenter then presents the signal in interval 1 or interval
The
It is assumed that with probability a the occurrence of a signal in interval i
gives rise to an "unambiguous" sensory state si' whereas with probability ,n n is the trial index.
The can be thought of as momentary response bias parameters associated with the sensory states b h , whereas a is a measure of the subject's sensitivity to the signal.
The following notation is used to refer to the various events that ocyur on trial n: In our experiments correct information feedback was given to the subject 3 on every trial, i. e., E l always occurred on an Sl trial, and E 2 on an S2 trial. The relationship between the cues and the signal events is summarized by the conditional probabilities:
I f the cues are uncorrelated with the signal events, otherwise the schedule is said to be cue dependent or correlated. The probability of cue C h on any trial is denoted by~(h = 1, 2, 3).
From the assumptions of the model it follows that
Pr(A l lSI C h ) ,no ,n ,n ,n pr(Al,nIS2,nCh,n) + cr Pr(A l ,n IS 2,n C h,n) 1 -cr For the two-interval forced-choice situation the receiver-operating-characteristic (ROC) curve is a plot of the observed proportion of "hits" Pr(All Sl) against the observed proportion of "false alarms" Pr(Alls2 For purposes of analysis a linear learning model for the response biases will be considered; namely
, ,n ,n 2,n h,n , otherwise denotes the occurrence of the ambiguous sensory event where trial b h,n n. This model predicts that [ 6] on where cp~e' /e. If cp~1, the limiting response bias on C h trials matches the conditional probability of an 8 1 signal event given cue C h •
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Experiment I investigated the effects of introducing a cue-signal correlation after subjects had had considerable practice on an uncorrelated schedule.
Experiment I Method
The task employed was the two-interval, forced-choice detection of a 100 msec. 1000 cps signal in a background of band-limited Gaussian noise.
The noise was produced by a Grayson-Stadler Model 455-B noise generator, and was presented binaurally to the subject over Permaflux PDR-IO earphones.
Each subject sat facing a display on which there were two arrays of lights:
a vertical array of three cue lights, and a horizontal array of three interval lights. One of the cue lights came on at the beginning of each trial. One second later the three-interval lights blinked on, one after the other, starting from the left. Each interval light was on for 100 msec.
and there was a 500 msec. off period between the offset of one light and the onset of the next light. The first interval light was an alert signal, while the next two indicated the test intervals. 2 On every trial the signal tone was added to the background noise during one of the test intervals. The subject's task was to decide which interval contained the signal. He was given 1.7 sec. following the second test interval to indicate his choice by pressing a pushbutton located directly under the appropriate interval light. At the conclusion of the response period information feedback was provided by a l~sec. illumination of the pushbutton corresponding to the correct response. The total time for each trial was 4 sec.; the intertrial delay was 2 sec.
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The correspondence between these experimental events and the notation introduced earlier is as follows: the occurrence of a cue light corresponds c 3 respectively, beginning with the uppermost cue light.
The occurrence of the signal in the first or second test interval corresponds to Sl and S2 respectively. Similarly, A l denotes a response indicating that the subject believed the signal occurred in the first test interval and A 2 denotes a response indicating that the signal occurred in the second test interval. The illumination of the A 2 response button corresponds to the information feedback event E l , and illumination of the A 2 button corresponds to E 2 •
The programming of events during each experimental session, as well as the recording of the data, was fully automated. Program information was automatically read from computer-produced punched paper cards. The trial number, cue light, the interval in which the signal appeared, the subject's response, and his response latency were automatically recorded on similar cards for eventual computer analysis.
A particular noise level was selected for each subject during three days of preliminary testing. During these sessions the three cue lights occurred equally often and were uncorrelated with the signal events. The subjects ran through 360 trials each day with a fixed signal amplitude.
The noise amplitude was varied until the experimenter was satisfied that a level had been reached at which the subject would obtain approximately 75
per cent correct responses. The noise was then kept at this level' for that particUlar subject throughout the remainder of the experiment. The signalto-noise ratios (E/NO) selected in this manner were approximately 9.1.
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The experimental subjects were Stanford University students who had been screened for normal hearing. They were paid at the rate of $2.50 an hour. In addition they were told that a certain minimum level of performance would be required in order for them to continue in the experiment.
Each daily run of 360 trials took approximately 45 minutes including a 10-minute rest period half way through the run.
In the main experiment, which began after the three-day calibration period, only two of the cue lights were used; these two appeared equally often, so that A. l 
Results
The overall results of Experiment I are summarized in Table 1, which shows daily estimates of the relevant probabilities. These estimates are averages of the corresponding statistics for individual subjects. The Table 1 Daily estimates of response probabilities from Experiment I Day Pr(All SlC l ) Pr(All S2Cl) Pr(All SlC 2 ) p~(A~rs~c;)K(A~rC;)""f;'(AJc;)- §r(c;;;~'~t)"-'P;(AJ 
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Figure 20 Daily response bias estimates, PI and P 2 , based on the data in Table 10 most pertinent feature of these data is the separation of the conditional probabilities of a correct response Pr(AiISiCh) effected by the introduction of a cue-signal correlation on day 10. Beginning with day 11 the estimates of Pr(A1IS1Cl) are consistently larger than those of pr (Allslc2) for each day of the cue dependent phase, while Pr(A2Is2Cl) is consistently smaller than Pr(S2Is2C2)' These bias effects appear to persist for at least two days after the return to an uncorrelated schedule. Taken as a whole these results indicate a significant conditional response bias effect controlled by the trial initiating cues. This interpretation is supported by an analysis of individual subject's performance over the last three days of the initial uncorrelated schedule, the correlated schedule, and the terminal uncorrelated schedule. The only statistically significant cue effects occurred in the correlated phase; here performances to either signal as a function of the cue event were significantly different (p < .05 using a Mann Whitney U Test).
Figure 1 presents daily estimates of the sensitivity parameter computed separately for C l and C 2 trials using the data in Table 1 and Eq. 3; these estimates are denoted &1 and &2 respectively. There does not appear to be any consistent difference in sensitivity on C l and C 2 trials. Figure 1 does suggest an initial decrease in sensitivity over days 1 through 4, followed by a gradual, roughly monotonic, increase beginning on day 5. These changes do not appear to be related to the cue-signal correlation. Thus cues and were correlated with the signal events, whereas cue C 2 was uncorrelated. As in Experiment I three preliminary sessions were spent in establishing a noise level for each subject such that he averaged close to 75 per cent correct respondingo (During these preliminary sessions C 2 was the only cue employed.) Following the preliminary sessions ten subjects were each run for 360 trials a day for 20 consecutive dayso
Results
The analysis of Experiment II focused on individual subject data. and P~(AlIS2Cl) < Pr( A l ls 2 c 2 ) < P~(AlIS2C3)' of points along the ROC curve. According to the model these differences must reflect differences infue conditional reSponse biases of individual subjects. Table 3 shows group and individual subject estimates of the response biases The estimates were computed using Eq. 3 and the data in Table 2 . As would be expected from Fig. 3 the predicted ordering is found in every case, and the group averages of 13 Table 2 Estimates of individual and average response probabilities based on the last ten days of Experiment II Figure 30 Receiver operating characteristics for individual subjects in Experiment II. and are quite close to the predicted probability-matching values of .75, .50, and .25. Howe~er the estimates for individual subjects reveal considerable variability; the Pl estimates, for example, range from .866 to .584. Although the predicted asymptotes in Eq. 6 depend on the parameter~,and thus allow for individual deviations from probability matching, it is not possible for the model of Eq. 5 to predict the patterns of deviation revealed by (cf. subject uniform deviations in t he optimal direction, and three (1, 2, and 4) show uniform deviations in direction of non-discriminative performance (i.e., in the direction of p~.5 for all cues). It is noteworthy, however, that in spite of the very large number of trials involved here no subject adopted a maximizing strategy. Table 3 also shows group and individual subject estimates of a computed separately for each cue condition. These estimates were computed from the data in Table 2 using Eq. 4. Although the average sensitivity estimates in Table 3 show &2 to be slightly greater than &1 and &3'
pr( All S2 C j )
there was no consistent ordinal relationship. between sensitivity and cue condition for the individual subjects. A nonparametric test for such a relationship (Kruskal and Wallis, 1952) was not significant. Examination of the individual subject latency distributions revealed rather consistent individual differences in the forms of these distributions. successive blocks of four days during Experiment II, The horizontal axis is broken into 11 intervals, The 11th (right-hand) interval represents all times greater than 1 sec,; the others represent latencies less than 1 sec, in ,1 sec, increments, maintains a consistent and uniClue form over at least the last four blocks of trials. Not surprisingly, in view of the considerable individual differences in the distributions, the group latency curve provides a very deceptive representation of the "typical" subject: compare the distributions for subject 6, for example, to the average distribution.
Discussion
The results of Experiments I and II indicate that subjects in a signal detection task are able to discriminate several concurrent probability distributions over the signal events and to employ different response biases on a trial-by-trial basis as a function of the cues corresponding to these distributions. One implication of this finding is that a cued detection task can be used to simultaneously generate a number of points :b the IDC space. An ROC curve generated in this fashion has the advantage of not being affected by session-to-session changes in sensitivity (cf. average subject results should probably be attributed to its reflecting the gross features of a rather complex learning process. It is clear that in order to explain the bias learning process in detail a more complex learning model (which takes explicit account of the discrimination aspects of the situation) will be required.
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